| BACKG ROU N D
The human immune system varies as a consequence of both heritable and nonheritable influences that lead to an inter-individual variation that has consequences on immunological health and disease. 1 In the clinical laboratory, measurement of immunoglobulins (IgG, IgA, IgM, and IgD), IgG and IgA subclasses, and complement proteins C3 and C4 are common practice for the screening of immune system dysfunction, as well as in the follow-up of various immunosuppressive therapies and monoclonal gammopathies.
Immunoglobulins are primarily involved in adaptive immune responses and are produced by B lymphocytes. 2 On the other side, the complement system, which comprises over 30 proteins synthesised mainly by hepatocytes, 3, 4 is a crucial part of the human innate immune system, and plays a key role in host defense against pathogenic infections. 5 Reference ranges for adult populations are well known 6 ; however, there is little literature regarding pediatric individuals, the age range in which the onset of primary immunodeficiencies is more common. 7 Radial immunodiffusion was the gold standard test used to determine immunoglobulin and complement protein concentrations 50 years ago, which is a technically demanding and manual method. 8 Technical advances have allowed its replacement by fully automated systems using immunonephelometric and immunoturbidimetric techniques, two closely related analytical techniques based on optical detection systems that measure the scattering of light by a solution containing antigen-antibody complexes due to the formation of the precipitate. 9 The main difference between these two immunoassays is the detection principle. Nephelometry is based on the principle of measuring the intensity of scattered light whereas turbidimetry measures the intensity of transmitted light. Recently, improvement of immunoturbidimetry has enabled this technique to be used as an alternative to immunonephelometry for routine use. 10 It is now possible to quantify low protein concentrations in serum, such as Ig subclasses and complement proteins C3 and C4. 11 The SPAPLUS ® and Optilite™ turbidimetric analyzers allow the measurement of these serum proteins with high sensitivity and specificity shown in Table 1 . This has been achieved through the use of the certified reference material (DA470k), 12 prozone effect detection tools, and optimized antisera. [12] [13] [14] [15] It is well known that the production of serum proteins may be age dependent and concentration differences may therefore exist between children and adults. 16, 17 In the present study, we have measured the concentrations of C3, C4, IgG, IgA, IgM, IgD and the IgG and IgA subclasses in serum samples from healthy children under 18 years of age. We report the age-dependent pediatric reference ranges for these serum proteins using the Optilite™ turbidimetric analyzer that can be used in the clinical laboratory.
| ME THODS

| Samples
Healthy controls were selected, without ethnic segregation, from Values of sensitivity and specificity are reported for each parameter studied using the Optilite™ turbidimetric analyzer.
healthy pediatric individuals, disease-free that have not received blood transfusion or immunosuppressive therapy during the last 12 months. Patients with immune-mediated disorders or clinical syndromes were excluded. The median age was 8 years (range 0-18 years). Individuals were stratified in five groups according to age as shown in Table 2 .
| Consent/Ethics
The study was approved by the Ethics Committee of Hospital Universitari Vall d'Hebron, Barcelona, Spain (PR_AG_134-2011).
The study was explained to parents/legal guardian of the volunteers included, and informed consent was obtained. All the participants were registered anonymously, and they were classified according to sex and age.
| Analytical techniques
Serum was obtained after centrifugation of whole blood samples The median concentration of each protein in sera from healthy pediatric donors is shown in mg/dL. The 95% confidence intervals (CI) are shown in parentheses.
analyzer (The Binding Site
UK). Complement proteins
C3 and C4 were also assessed using this same analyzer and following the routine protocols in our hospital.
| Statistical analysis
All graphs and statistical analysis were generated using Graph Pad 
| RE SULTS
Samples from 145 healthy donors (69 females and 76 males) were included. The median age was 8 years (interquartile range: 4-13). Agerelated median concentrations and 95% reference ranges for IgG, IgA, IgM, IgD, the IgG and IgA subclasses, and complement proteins C3 and C4 are shown in Table 1 .
IgG was the only immunoglobulin which was normally distributed in all groups, with IgA, IgM, and IgD antibodies displaying nonnormal distribution in one or more age groups. The concentrations of IgG, IgA, and IgD generally showed an increase with increasing age (Figure 1 ). The IgM concentration remained stable over the age ranges tested, with no statistically significant differences observed in the concentrations between the groups. For both IgG and IgM, the concentrations at 0-2 years were comparable to that at 3-4 years. Line represents median concentrations. *P < .05, **P < .01, ***P < .001 groups, while C3 did not. The concentration of both C3 and C4 protein remained stable across the age groups, with no significant differences observed in concentrations between age groups ( Figure 5 ).
| CON CLUS IONS
In the present work, we provide for the first time reference values for immunoglobulins, immunoglobulin subclasses, and complement proteins in a healthy pediatric population from 0 to 18 years old using immunoturbidimetric assays.
The immune system is a complex system, comprising several types of cells and soluble proteins that have different functions.
Their concentration in different tissues can vary depending on their functional activity. For practical reasons, whole blood and serum are the samples which are studied most, and obviously, reference values are necessary to distinguish between normal and pathological values. For this purpose, reference ranges for immunoglobulin and complement protein levels in adult populations are well defined, 6 but there is less data that refers to pediatric populations. The importance of these pediatric reference values relies on the fact that the vast majority of PID are diagnosed during the first months or years of life. This is especially critical for immunoglobulins as antibody deficiencies are, by large, the most common group of PID. 30 The results that we have obtained for immunoglobulin concentrations are consistent with previous reports in children measured by radial immunodiffusion and nephelometric techniques, where IgG and
IgA levels were shown to increase gradually with age, and IgM concentrations remained relatively steady between all age groups. 16, 17, 31 Although IgM antibodies appear early during infection, the almost constant concentrations of IgM observed in each age group may be in part due its high avidity pentameric structure. IgM binds to weakly crossreacting antigens, for example isohaemagglutinins, stimulating its increased production, even in the absence of prior immunization.
32,33
The steady increase in IgG and IgA with age reflects the repeated and increased exposure of the host to various pathogens and antigens.
This will stimulate B cell production of immunoglobulin to change from one isotype to another via class-switch recombination (CSR), allowing the switch from IgM to IgG and IgA antibody production.
34
The IgG subclass ranges reported in this study show similar trends to that previously reported. [35] [36] [37] [38] [39] The age-associated increase in IgG subclass concentrations was most pronounced for IgG2 and where the predominant response is mediated by IgG1. 44, 45 As in previous studies performed with radial immunodiffusion and nephelometric techniques, total IgA, IgA1, and IgA2 all increase in concentration with age, with serum IgA1 concentrations consistently much higher than IgA2.
46,47
Serum concentrations of complement proteins C3 and C4 were constant across all age groups, which is consistent with previous results performed with alternative techniques and their role in the innate immune system. 15, 48 In contrast to the immunoglobulins and their role in the adaptive arm of the immune system, C3 and C4 are part of the innate immune system with a much broader repertoire of functions. Complement proteins are not transferred across the placenta, and their synthesis occurs early in gestation by the third trimester. 49 In conclusion, this work presents reference values for immunoglobulins IgA, IgG, IgM, IgD, the IgG and IgA subclasses as well as C3 and C4 in a multi-ethnic population of healthy pediatric donors using the Binding Site's automated turbidimetric assays.
Immunoturbidimetry is recommended as an alternative to immunonephelometry in the immunoglobulin and complement protein quantification due to its accuracy and the detection capacity of prozone phenomenon that make it suitable for clinical purposes.
11
These ranges will be of use in the clinical laboratory for identifying individuals with abnormal concentrations of these proteins and thus will aid in the diagnosis of immunological disorders, especially of primary and secondary immunodeficiencies.
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